To identify CMT3 targets genome wide, we adapted a fractionation procedure that we had previously introduced for chromatin profiling [16] . DNA from cells of interest is isolated, digested with a methyl-sensitive enSummary zyme, and size fractionated (Figure 1 ). Experimental and control fragments of Ͻ2.5 kb are fluorescently labeled DNA methylation has been implicated in a variety of with either Cy3 or Cy5 and hybridized to a DNA microarepigenetic processes, and abnormal methylation patray. In the present study, DNA was purified from A. We found eight loci displaying significant changes in Chromodomains are thought to be chromatin interaction CpXpG methylation in cmt3 ( Figure 2A ). All eight loci modules that mediate chromatin inheritance. However, have positive log ratios, indicating that cmt3 mutant the molecular mechanisms whereby different chromoplants are hypomethylated at CpXpG sites for these loci. domains interact with chromatin appear to differ beOur genome-wide sampling extends previous observatween classes of chromodomains. Table 1 . p values were determined using CyberT [25], with window size ϭ 101 and Bonferroni correction ϭ 0.05. Only loci in which mean log ratios were greater than 0.4 or less than Ϫ0.4, and in which both duplicates were independently characterized as significant by CyberT, were classified as significant. Changes reported as significant did not depend on dye-labeling orientation, because reversing Cy3/Cy5 labeling between sample pairs gave similar ratios between mutant and WT (data not shown). Prior to use, cmt3-2 was backcrossed to its parental ecotype, No-0. No-0 served as the wild-type CMT3 ϩ control. cmt3-2, which truncates the CHROMOMETHYLASE3 protein within the catalytic domain [5], behaves as a null in complementation tests, and it completely suppresses the clk phenotype [6]. Based on the frequency of homozygous methylation mutations discovered in a mutational screen for suppressors of clk-st [6], we estimate a maximum probability of 0.0005 that a background suppressor mutation, in addition to cmt3-2, contributes to the observed differences. met1 is an antisense line [17] whose parental ecotype, C24, served as the wild-type MET1 ϩ control. In conclusion, methylation profiling is robust and reliable, as is illustrated by the fact that our data are in seen for MET1 targets that were not also targeted by CMT3 (Table 1, bottom) . agreement with previous reports. This method should be applicable on a large scale to DNA methylation alterInterestingly, five hypomethylated loci in cmt3 plants were also shown to be affected by met1 (Figure 2) . A ations in a variety of situations. For example, abnormal patterns of methylation have been seen in tumors [3], non-LTR retrotransposon was hypomethylated in cmt3 and hypermethylated in met1, whereas the other four and so methylation profiling might be used for cancer diagnosis. were hypomethylated in both cmt3 and met1 (Table 1) . Previous studies of CpXpG methylation in A. thaliana
Figure 1. Schematic Diagram of the Methylation-Profiling Procedure Described in the Text
Methylated bases (m) that would protect a region (magenta) from restriction digestion in the reference sample are indicated. In the experiments described here, genomic DNA was isolated from Arabidopsis thaliana leaves and stems using the FastDNA kit (Bio101). Samples containing 20-30 g DNA were digested for 1-2 hr with MspI (330 units, GIBCO-BRL). Digested DNA samples were size fractionated on 11-ml sucrose gradients (5%-30%) by ultracentrifugation, as previously described [16] . Gradient fractions containing DNA fragments smaller than 2.5 kb, as determined by agarose gel electrophoresis, were pooled and concentrated by isopropanol precipitation. DNA samples (1 g) were labeled with Cy3-or Cy5-dCTP (Amersham Pharmacia) by random priming, mixed, and cohybridized to microarrays [22] . After washing, arrays were spun dry in a centrifuge and scanned using a GenePix 4000 fluorescent scanner (Axon Instruments). To obtain the 240 random singlecopy loci, nonoverlapping 1-kb segments were selected at random from a database consisting of available contigs for A. thaliana chromosomes 1, 3, and 5 and complete chromosomes 2 and 4 from GenBank (August 2, 2000). The Primer3 program running on a SUN Solaris workstation [23] was applied with default settings to select 17-bp candidate primers with T m Ͼ 50ЊC that encompass 700 Ϯ 25 bp fragments. To stringently avoid redundant loci, each fragment was then searched against the database using blastn (word size ϭ 20, match score ϭ 1, mismatch score ϭ Ϫ50, gap open penalty ϭ 50, gap extension penalty ϭ 50, and no filtering) [19] , reporting only those hits with E value Ͻ 0.15, except for the first hit to itself. Custom oligonucleotide primers were obtained in 96-well microtiter plates from MWG-Biotech and were used for PCR amplification with Ex-Taq polymerase (Fisher/Panvera Labs) [16] . Microarray construction and hybridization protocols were modified from those described elsewhere [24] . Microarrays were constructed by mechanically spotting PCR amplification products onto poly-lysine-coated microscope slides using an OmniGrid high-precision robotic gridder (GeneMachines). All loci were present in duplicate on the microarray, and each experiment was repeated three times.
with the activation of transcription of certain retroThree of the remaining four significant loci included both the promoter and ORF of Athila, a repeated retrotransposons in cmt3 mutant individuals [6] . Furthermore, each of these four loci is present in the genome transposon found near centromeres [20] , and the 180-bp centromeric repeat. Both repeats have previously in only a single copy, a consequence of our blastn filtering to exclude repetitive sequences from the microarray. been shown to be hypomethylated in cmt3, based on enhanced cleavage by MspI restriction endonuclease We conclude that targeting of transposons by CMT3 does not require them to be repetitive in the genome. detected using Southern analysis [6] . The other signifi- Table 1 . p values were determined using CyberT [25] , with window size ϭ 101 and Bonferroni correction ϭ 0.05. Only loci in which mean log ratios were greater than 0.4 or less than Ϫ0.4, and in which both duplicates were independently characterized as significant by CyberT, were classified as significant. Changes reported as significant did not depend on dye-labeling orientation, because reversing Cy3/Cy5 labeling between sample pairs gave similar ratios between mutant and WT (data not shown). Prior to use, cmt3-2 was backcrossed to its parental ecotype, No-0. No-0 served as the wild-type CMT3 ϩ control. cmt3-2, which truncates the CHROMOMETHYLASE3 protein within the catalytic domain [5] , behaves as a null in complementation tests, and it completely suppresses the clk phenotype [6] . Based on the frequency of homozygous methylation mutations discovered in a mutational screen for suppressors of clk-st [6], we estimate a maximum probability of 0.0005 that a background suppressor mutation, in addition to cmt3-2, contributes to the observed differences. met1 is an antisense line [17] whose parental ecotype, C24, served as the wild-type MET1 ϩ control. Loci of cmt3 and met1 are numbered in Figure 2 . P values are means of duplicate determinations.
cant locus, Rap2.1, is a member of the APETALA2 family not detected on our array using MspI digestion, because all probe fragments were smaller than the largest that has a retroelement at its 5Ј end [21] . Rap2.1 was identified in a screen for loci that become silenced in SUPERMAN MspI fragments. However, the use of different restriction endonucleases in preparing probes allopolyploid hybrids [21] . Thus, seven of the eight CMT3 targets have retrotransposon features, consistent with should result in more regions of altered methylation being detected. the idea that an RNAi-based process is involved in target recognition [14] . No comparable transposon bias was
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